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Justice forms the core of any negotiation relationship. The rudimentary nature 
of our reactions to injustice has led researchers to examine its biological 
underpinnings. Previous studies that have studied the impact of hormones on 
reactions to fairness have primarily focused on the role of Testosterone (T).  
The results of these studies however remain inconclusive. While some of them 
provide support for a positive relationship between T and retaliation to 
unfairness (Burnham, 2007) others find a null-relationship (Ronay & 
Galinsky, 2011).  
The equivocal nature of findings is indicative that there could be other factors 
that might bear an influence on the relationship between T and unfairness. 
Mehta & Josephs (2010) proposed that one of these factors might the hormone 
system of Cortisol (C) that interacts with that of T. In line with their dual-
hormone regulation hypothesis, it could be argued that T and C might be 
regulating one another to predict reactions to unfairness wherein, C has a 
suppressive effect of T in its relationship with injustice. To test this 
hypothesis, in Study 1 we studied the interaction between basal T and basal C 
levels and in Study 2 we manipulated C levels using the Social Evaluation 
Task (Kirshbaum, Pirke, & Hellhammer, 1993). A multiple-shot Ultimatum 
game paradigm was used where participants were presented with fair ($5) and 
unfair offers ($4, $3, $2, $1) and their rejection rates were measured.  
The results highlighted that individuals did not show any significant 
relationship between T and the rejection of unfair offers for both Study 1 and 
Study 2. There was however a moderately significant interaction between 
basal T and basal C in Study 1, though this interaction was in the opposite 
 vi 
 
direction of what we had predicted. In Study 2 we found that there was a 
significant interaction between T and the experimental condition of stress or 
no-stress that participants had been assigned to. In the condition where 
participants were not stressed i.e. they had lowered levels of C, they exhibited 
a positive relationship between T and rejections of unfair offers. Therefore, at 
low stress levels individuals with higher T levels exhibited greater dominance 
and retaliatory behaviors through the rejection of unfair offers. Though the 
results from Study 1 and Study 2 are in the opposite direction to one another, 
this could be attributed to the differences in the effects of baseline and 
manipulated levels of hormones. 
These results have paved way for a better understanding of the biological 
factors underlying justice expectations. Extant research in this 
interdisciplinary domain has primarily focused on examining T and its 
implications on fairness. From these findings we can conclude that T might 
not be a precursor to injustice independently, but the relationship is contingent 
on C levels. The findings from this thesis can help resolve the ambiguity on 
the role of T in the fairness literature. It also highlights how a single hormone 
approach might not adequately capture the entire story; however the 
interactive effect of dual hormones provides better insight into justice-
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CHAPTER 1: INTRODUCTION 
Over the last decade there has been a surge in research that examines the 
implications of biology on social and economic behaviors (Camerer, 
Loewenstein & Prelec, 2005; Camerer, 2008; Cacioppo & Bernston, 2002). 
This has allowed for several academic disciplines like psychology and 
economics to adopt this lens to breakdown complex social behaviors into its 
core biological processes. However, the application of this biological 
paradigm to Organizational Behavior has been limited (see, Heaphy & Dutton, 
2008; Akinola, 2010; Becker, Cropanzano & Sanfey, 2011 for exceptions) and 
restricted to specific areas of study including decision-making, negotiations 
and development of interpersonal relationships (see Shane, 2009).  
In these limited domains, the biological underpinnings of fairness and justice 
have been an important area of interest to neuroeconomists, 
neuropsychologists and management scholars alike (Sanfey, Rilling, Aronson, 
Nystrom & Cohen, 2003; Dulenon, Conlon, Sarnipoulos, Davison & Namara, 
2009; Beurge, 2009). Of specific interest has been the underlying factors 
governing the nature of individuals‘ reactions to unfair treatment. 
Neuroscientific evidence has provided us with precise insight on the interplay 
between emotional and cognitive systems within the brain, that govern our 
reactions to unfairness (see Sanfey et. al., 2003) while endocrinological 
studies show us that hormones such as testosterone have an important role to 
play in how people respond to injustice (see Burnham, 2007).  
Psychologically, injustice evokes negative emotions like anger, disgust etc. 
(Pillutla and Murnighan, 1996; Straub and Murnighan, 1995; Sanfey, et. al., 
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2003); it also creates a reputational crisis that motivates individuals to retaliate 
through aggression (Nowak, Page & Sigmund, 2000; Burnham, 2007; 
Eisenegger, Naef, Snozzi, Heinrichs & Fehr, 2009). In the purview of these 
behaviors, the hormone of Testosterone (T) has been studied by scholars as a 
precursor to reactions to injustice on account of the integral role that it is 
known to play in the demonstration of aggression as a means to exhibit social 
dominance (Archer, 2006; Mazur & Booth, 1998; Hermans, Ramsey & Van 
Honk, 2008). Some studies have been able to highlight the positive influence 
of T in the manifestation of retaliatory behaviors to unjust treatment 
(Burnham, 2007; Mehta & Beer, 2010); others have been inconclusive in their 
findings (Eisenegger, et. al., 2009; Ronay & Galinsky, 2010). The lack of 
clarity on the implications that T bears on injustice has compelled researchers 
to consider the presence of other variables that might potentially exacerbate or 
suppress the expression of dominance and aggression as propelled by T 
(Mehta & Josephs, 2010).  
Scholars have been suggested that the role of T cannot be independently 
understood in the context of social behaviors, since the hormonal system 
producing T is enmeshed with other interacting endocrinological systems in 
the HPA axis, especially that of cortisol (C) - a hormone salient for coping 
with threats in the environment (Terburg, Morgan & van Honk, 2009; Mehta 
& Josephs, 2010; Sapolsky, 2005; Dabbs, Jurkovic, Frady, 1991; Pompa and 
colleagues, 2007). The interaction of the hormones of T and C was proposed 
by Mehta & Josephs (2010) and is known as the dual hormone regulation 
hypothesis.  This framework argues that both endocrinological systems work 
very closely with one another to govern social behaviors such as dominance, 
 3 
 
aggression and other emotional and cognitive processes. In their study, Mehta 
& Jospehs (2010) tested the interaction between both hormones in predicting 
dominance behaviors. In keeping line with this stream of research in this 
thesis, we intend to extend Mehta & Joseph‘s (2010) dual-hormone regulation 
hypothesis and apply it as a theoretical paradigm to examine the implications 
that C‘s endocrinological system might have on the socially dominant and 
aggressive behaviors that is known to be primarily driven by T in predicting 
retaliatory behaviors to unfairness.  
Methodologically, both hormones can be measured at their basal levels which 
reflect their levels in steady state – much like an individual difference. They 
can also be externally manipulated or administered (Eisennegger, et. al., 2009; 
Hermens, et. al., 2008), and doing so will enable us to study their causal role 
on the behaviors of interest. The primary objective of this study entails clearly 
delineating the role of T at its basal level, in reactions to injustice. We 
examine the interaction of T with basal C in Study 1 and manipulated C in 
Study 2. In order to examine the influence these endocinological drivers, we 
use the Ultimatum Game (an economic paradigm) to test our research 
objectives.  
Justice 
In the workplace, how individuals perceive and react to rewards that they are 
offered or deprived off has captured the attention of management scholars, 
thereby making justice a well examined topic area of research (Corpanzano & 
Greenberg, 1997; Greenberg, 1987; Cohen-Charash & Spector, 2001; Colquitt, 
Conlon, Wesson, Porter & Ng, 2001). ‗Organizational justice‘ refers to 
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employees‘ perceptions towards fairness in their dealings (Greenberg, 1987; 
1990); therefore this term has been often used interchangeably with that of 
fairness. In its most basic form, the fairness perceptions encompassing the 
distribution of resources in an organization are referred to as distributive 
justice (Adams, 1965; Leventhal, 1980). Though there have been other forms 
of justice that gave gained importance in the literature i.e. procedural justice 
(Greenberg, 1987; Van den Bos, Lind, Wilke, 2001; Ambrose & Arnaud, 
2005) and interactional justice (Bies & Moag, 1986), in this thesis we 
specifically focus on the biological processes underlying fairness in its most 
primitive form i.e. distributive justice.   
Distributive justice in organizations was modeled on the equity theory 
proposed by Stacey Adams (1965). Equity theory argues that individuals are 
willing to put in certain resources (i.e. inputs) towards achieving their goals in 
return for outcomes (i.e. outputs). Inputs entail the work and effort exerted by 
individuals and the outputs often take the form of performance appraisals, 
bonuses, promotions etc. This theory also delineates how people will react to 
being treated with injustice or partiality.  When individuals experience a 
disparity between the input and output (i.e. input exceed the output) they react 
negatively by either withdrawing from the situation or reducing their inputs. In 
the workplace distributive injustice therefore holds as an important criterion 
for predicting the individuals‘ satisfaction with their pay and job and in turn 
their performance and attitude towards their employers (Sweeny & McFarlin, 
1993; McFarlin & Sweeny, 1992).   
In order to study the implications that distributive injustice have on our 
behavioral reactions, psychologists have modeled representative economic 
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games. Organizational scholars have also adopted these paradigms, especially 
that of the Ultimatum Game, to understand how individuals react to situations 
of inequity. The following section will explore in some detail, the nature of 
this game and consequent reactions to distributive injustice or unfairness that 
stems from variations within the game.  
Economic Games and Justice 
Economists have for long, held several assumptions about human behavior. 
The notion that all individuals, in economic situations, will behave in ways 
that are self-centered and will seek to maximize self-interest has been 
challenged (Pillutla & Murnighan, 1995; 1996; 2003; Fehr & Schmidt, 1999; 
Cramerer, 2008). In turn it is argued that, psychological processes and 
behaviors, like altruism, trust and justice, drive human behaviors and govern 
our economic preferences. This has challenged the assumption of rational 
calculus and utilitarian logic as the cornerstone of human action. The choice to 
act either rationally or altruistically creates a conflict in the human mind that 
can be captured effectively using economic games.      
An economic game paradigm usually consists of a real or simulated 
interaction between two individuals involving the distribution of a certain sum 
of money. In this interaction, one individual adopts the role of an ‗Offerer‘ of 
a certain sum of money and the other a ‗Respondent‘- who responds to the 
monetary offer made. It is imminent that in all games, both face a conflict of 
choosing between economic gains or social benefit (of a variety of kinds). The 
Ultimatum Game serves as a negotiation context that helps study one such 
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conflict between weighing economic benefits and upholding fairness and 
justice in the transaction.  
The Ultimatum Game is a one-shot transactional relationship that involves two 
players- an offer and a respondent. The offerer is given a sum of money and 
has to decide on how s/he would like to divide the money with the respondent. 
The respondent is notified of the proposed amount of the money offered and 
has to decide on whether to accept the offer or reject it. If the respondent 
accepts the offer, the money as divided as proposed by the offerer. However, if 
the respondent rejects the offer neither party stands to benefit from any 
monetary gains (Guth, et. al, 1982).  
Economic theories explain that rationality and utilitarianism should determine 
people‘s choices (Kahneman & Knestch, Thaler, 1986). In the Ultimatum 
Game, individuals who play the role of offerers should offer the smallest sum 
of money to the respondent. On the other hand the respondent should accept 
anything offered to them (as something is better than nothing) (Myerson, 
1994). This notion supports a rational approach to information processing 
where individuals function by serving their self-interests thereby making small 
offers and respondents in turn will not be averse to receiving even a smaller 
share of the pie as compared to their offerers. However, research finds that this 
is seldom the case.  
Experimental findings have shown that offers below 20% of the total sum of 
money are more likely to be rejected (Rabin, 1993; Fehr & Schmidt, 1999). 
Rejections punish the offerer and the respondent since neither stands benefit 
economically. Such actions that punish others at a cost to oneself have been 
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termed altruistic punishment (Fehr & Fischbacher, 2003; Fehr & Schmidt, 
1999; Kahneman, et. al., 1986; Turrilo, Folger, Lavelle, Umphress & Gee, 
2002). Pillutla & Murnighan (2003), argue that while fairness concerns might 
be a potential reason for the offers to be rejected, these concerns may vary 
across participants based on what they subjectively perceived as being unfair. 
Therefore the perceived ‗fairness‘ of these low offers serve as one of the 
biggest drivers for low offers to be rejected (Straub & Murnighan, 1995; 
Walton & McKersie, 1965). Alternatively it has also been suggested that the 
presentation of low offers creates a difficult choice for the respondent to have 
to decide between cognitively accepting the money that will fetch economic 
benefits or emotionally reacting by rejecting these unfair offers (Sanfey, et. al, 
2003; Tabibnia, Satpute & Lieberman, 2008).  
The tussle that exists between cognitively processing the value of the offer or 
emotionally assessing if the offer is fair, makes an interesting research 
question to pursue. It is evident that this process is not simple and implicates 
several cognitive and emotional processes. Some of the motivations that 
surround the behavior of accepting or rejecting unfair offers might be hard to 
measure. The complexity of the underlying processes that surround the 
conflict between choosing utilitarian gains or upholding fairness has paved 
way for the use of a more objective and comprehensive tool to study these 
complex behaviors i.e. Biology. Uncovering the biological factors that drive 
the cognitive-emotional tussle in the Ultimatum Game has helped social 
psychologists both supplement and understand in greater detail the correlates 
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of an individual‘s reaction to injustice. There have been both neuroscientific1 
(e.g. Sanfey et. al., 2003) and endocrinological
2
 studies (e.g. Burnham, 2007) 
that have examined this research question, some of which will be discussed in 
the subsequent section.   
Neurobiological roots of Justice 
Neuroscientific Evidence  
The rejection of unfair offers has been identified to involve varied 
motivations. On the one hand, it could be argued that the rejections are a 
reflection of cognitive impulses (or lack of cognitive control), while on the 
other it is indicative of the conscious expression of negative emotions through 
retaliation (Sanfey, et. al., 2003). This lack of clarity has led researchers to 
adopt neuroscientific techniques to identify the emotional, cognitive and 
reward-centric regions in the brain that might facilitate rejections or 
acceptance of unfair offers (Sanfey, et. al., 2003; Knoch, et. al., 2006; 
Tabibnia, et. al., 2008). Taking advantage of the modularity in the human 
brain and scientific advancements in imaging techniques permit us to now 
spatially locate various brain regions that can successfully predict the 
mechanisms governing reactions to injustice in the Ultimatum Game  
As a means to understand the drivers of our reactions to injustice, Constant D. 
Beugre (2009), proposed a neuro-organizational justice model that explicates 
                                                          
1
 Neuroscience deals with highlighting brain regions that are activated when individuals 
perform certain functions or react to environmental changes. The spatial modularity of the 
brain has allowed several neuroscientific techniques like the PET and fMRI to emerge and 
contribute to understanding the role of brain regions in predicting behaviors. 
2
 Endocrinological research taps on the hormones that are circulating in the human body. 
Hormones help individuals react to changes in the environment and their dynamic nature 




the conflict in the human mind between choosing economic benefits over 
emotionally driven fairness needs and their representative mechanisms. He 
argued that a triggering event would result in the activation of specific brain 
regions especially that of the cognition-inducing neural structures and the 
emotion-inducing neural structures. Further, these brain regions would 
interact with one another and give rise to the justice judgments that individuals 
make. The mechanisms that ensued are discussed in some detail below.  
Emotions: In the Ultimatum Game, evidence indicates that the negative 
emotional response to low offers serves as one of the reasons for individuals to 
reject these offers. Anger, spite and wounded pride were some of the emotions 
that respondents with low offers experienced, resulting in greater rejection 
rates (Pillutla & Murnighan, 1996). Respondents reported feeling enraged at 
being made a raw deal, and as a means of punishing their offerer they rejected 
the offer such that neither party stood to benefit (Koenigs & Tranel, 2007; 
Pillutla & Murnighan, 1996; 2003). Conversely, evidence also highlights that 
being in a negative state of mind results in greater rejections (Harle & Sanfey, 
2007). Neuroscientific studies showed that the rejection of unfair offers were 
governed by negative affectivity when the amygdala (Tabibnia, et. al., 2008) 
and the insula (Sanfey, et. al., 2003)- brain regions associated with negative 
emotions were activated. Negative offers also resulted in greater emotional 
arousal that was accompanied with rejections (Wout, Kahn, Sanfey & Aleman, 
2006). Both streams of research- psychology and neurobiological- highlight 
the bi-directional nature of the relationship between injustice and negative 
emotional reactions.  
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Cognitions: Fairness is known to manifest itself intuitively and impulsively 
(Kahneman, et. al., 1986). In the context of the Ultimatum game, behaving in 
utilitarian ways is facilitated only as a result of engaging in self-control over 
the impulses to retaliate (Crockett, Clark, Tabibnia, Liberman & Robbins, 
2008; Sanfey, et. al., 2003; Tabibnia, et. al., 2008; Knoch, et. al., 2006). 
Cognitively, individuals have certain fairness prototypes and standards about 
what constitutes justice in their mind. These are used to assess what is 
considered fair for them (Cohen & Greenberg, 1982; Reynold, 2006). In the 
case of the Ultimatum Game when the offer made is lower than the normative 
rule that exists in the respondents mind, rejection is likely to ensue in an 
effortless manner (Lind, 2001; Van den Bos, 2001). Conversely 
neuroscientific findings also highlight that when unfair offers are accepted 
there is a resultant increase in the activation of the brain regions that aids in 
cognitive control. The act of accepting unfair offers is therefore marked with a 
great degree of control over the emotionally impulsive decision to reject these 
offers whereas the rejection of these offers is indicative of a lack of cognitive 
control and as an act of succumbing to emotional impulsivity.  
In summary, those who choose to accept unfair offers demonstrated greater 
cognitive control over their emotional responses, and therefore made a more 
rational and utilitarian decision. On the contrary, those who decided to reject 
the offer and value fairness demonstrated a greater emotional response and 
lower degree of cognitive control. From neuroscientific studies, we can 
conclude that the rejection of unfair offers represents an emotionally impulsive 
decision, a form of retaliation to perceived unfairness while the acceptance of 
these offers was often an outcome of high cognitive control.  
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Going beyond the information that the neuroscientific studies provide us, it is 
critical to recognize that injustice in an organizational context is socially 
embedded. There are several other factors beyond the emotional and cognitive 
conflict in the brain that might be driving our behaviors. Being treated with 
injustice might also act as a social challenge to an individual‘s status 
(Eisenegger, et. al., 2009) and a threat to one‘s status does not usually bear 
positive implications (Zyphur, Narayanan, Koh & Koh, 2009). 
Endocrinological research provides compelling evidence that T is associated 
with status-related behaviors as well as the demonstration of behaviors of 
aggression which are salient in our responses to injustice, thereby making it 
critical to examine in our understanding of the biological correlates of fairness.  
Testosterone (T) 
Testosterone is popularly known as an androgen – a male hormone. Though 
men produce nearly seven times as much T as compared to women, in the 
domain of social behaviors, this hormone acts as a correlate of dominance for 
both men and women (Dabbs, Jr, Ruback, Frady, Hopper & Sgoutas, 1988; 
Cashdan, 2001; Grant & France, 2001). T-levels also predict the motivation to 
gain a position of power and social dominance (Archer, 2006; Mazur & Booth, 
1998); it is positively associated with a reduction of fear (Hermans, Putman, 
Baas, Koppeschaar, Honk, 2006); risk aversion (Sapienzaa, Zingalesb & 
Maestripieric, 2009); the desire the compete again after a lost competition 
(Mehta & Josephs, 2006) and facilitates  the strife for limited resources 
(Booth, Shelley, Mazur, Tharp, & Kittok, 1989). 
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When presented with low offers in the Ultimatum Game individuals feel 
threatened which manifests in a reputational conflict (Burnham, 2007; 
Eisenegger, et. al., 2009). People with high levels of T would respond to this 
reputational threat with status restoring behaviors (Archer, 2006; Mazur & 
Booth, 1998; Zyphur, et. al., 2009; Mehta & Josephs, 2006). Individuals may 
resort to acting in rebellious or aggressive ways especially when imposed with 
a hierarchy (Dabbs, Carr, Frady & Riad, 1995; Dabbs & Hargrove, 1997). 
This stream of work provides insights on how a threat to an individual‘s status 
might affect his or her reactions to injustice with T as a precursor to explain 
these behaviors. Therefore, the role of T and how it drives us to establish 
social dominance and status is another factor of critical importance in our 
understanding of reactions to injustice.  
In the Ultimatum game, the presentation of an unfair offer creates a situation 
where respondents of injustice are provided with an avenue to redeem this lost 
reputation of being presented with a low offer. Altruistic punishment can serve 
as an avenue for the exhibition of aggression and status restoring behaviors.. 
Due to the relevance and salience of this hormone in reactions to being treated 
unfairly, T has been examined in the Ultimatum Game context (see, Burnham, 
2007; Zak and colleagues, 2009; Eisennegger and colleagues, 2010; Mehta & 
Beer, 2010; Zethraeus, Kocoska-Maras, Ellingsen, Schoultz, Hirschberg, 
Johanesson, 2009; Ronay & Galinsky, 2011; Bergh & Dewitte, 2006).  
Intuitively those with higher levels of T will react in ways that are positively 
associated with gaining status within a social hierarchy. Some research has 
predicted that individuals with higher T will exhibit a negative reaction to 
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unfairness and result in a higher likelihood of rejections This argument has 
found support in several studies (Burnham, 2007) but a lack of support in 
several others (Ronay & Galinsky, 2010). Therefore there has been 
ambivalence in the predictions and findings of how T will drive responses to 
unfairness. The following section details some of the studies that explored the 
role of T in Ultimatum Game offers and rejections.  
In one of the first studies to examine the role of salivary T on fairness 
perceptions, Terry Burnham (2007) presented participants with high offers of 
$25 out of $40 or low offers of $5 out of $40 and found that the T levels of the 
respondents who rejected the unfair (low) offers were higher than those who 
accepted them. Eissenegger and colleagues (2009) replicated this finding and 
they found that when individuals were exogenously administered with T they 
had higher fairness expectations. This expectation for higher levels of fairness 
manifested into higher rejection rates for unfair offers.  
In order to understand the mechanism through which T was predicting 
rejection behaviors in the Ultimatum Game, Mehta and Beer (2010) proposed 
that T might result in a loss of impulse control which further facilitated higher 
rejections. They measured brain activity and T levels during the presentation 
of unfair offers. Firstly, their study presented support for previous findings 
suggesting a positive relationship between T and unfair offer rejections. In 
addition, they also found that activation in the orbito-frontal cortex (OFC), a 
brain region associated with impulse control, mediated this relationship such 
that those with higher levels of T showed lower OFC activation (which is 
reflective of lower impulse control) which further led to higher levels of 
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rejections (as manifested with greater rejection rates). This study provided 
support to the argument that rejection of unfair offers are predicted by higher 
levels of T but this was mediated  by lower activity in the OFC that marks a 
high degree of impulsivity.  
In contrast to the findings above, several other studies that set out to test the 
relationship between T and rejection of low offers did not offer support for a 
positive correlation (see Zethraeus, Kocoska-Maras, Ellingsen, Schoultz, 
Hirschberg, Johanesson, 2009; Ronay & Galinsky, 2011; Bergh & Dewitte, 
2006). Ronay and Galinsky (2010) could not find a significant relationship 
between T and rejection rates, however when individuals were made unfair 
offers and were given an opportunity to retaliate, then T did predict the 
amount the individuals were willing to return. Individuals with higher pre-
natal T (indicated by their 2D:4D ratio) made significantly lower return offers 
as compared to those with lower prenatal T in the case of unfair offers. 
Therefore, only under conditions of provocation (i.e. being presented with an 
unfair offers), individuals tended to behave aggressively.  This finding 
highlighted the importance of contextual parameters, like the presence of 
provocation, in predicting retaliations to unfairness.  
Therefore, while several studies proposed that there might exist a positive 
relationship between T and the rejection of unfair offers, many others did not 
manage to replicate this finding. To reiterate, unfair offers present respondents 
with a challenge to their status, it evokes negative emotions and results in the 
activation of an intuitive and impulsive response of rejections. T being 
associated with all these behaviors could arguably bear a positive relationship 
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with the aggressive, impulsive and socially dominating act of rejecting these 
offers. We therefore argue that T will bear a positive relationship with the 
rejection of unfair offers in the Ultimatum Game.  
H1: T is positively associated with the rejection of unfair offers such that those 
with higher levels of T will show greater rejection rates.  
Dual Hormone Regulation 
The lack of clear directionality between T and rejection rates suggests the 
presence of other exogenous variables that might be moderating this 
relationship. Research has suggested that the endocrinological system that 
produces T i.e. the HPG (Hypothalmic-Gonadal- Pituitary) axis does not work 
in isolation from other hormonal systems (Terburg, et. al., 2009). The HPG 
axis closely interacts with the HPA (Hypothalamic-Pituitary-Adrenal) axis, 
another hormonal system. The interaction of both hormonal systems of 
Testosterone and Cortisol has been referred to as the dual-regulation hormone 
hypothesis (Mehta & Josephs, 2010).  The biological and psychological 
mechanism of this interaction is discussed in some detail.  
Biological implications: Cortisol is a hormone that is released when an 
environmental threat is present. Evolutionarily the presence of a threat 
generates the famously known fight-or-flight response. Individuals can 
respond to the threat by fighting it or fleeing (i.e. the fight or flight response) 
from the situation (Cannon, 1932). This evolutionarily driven reaction is 
primarily governed by the HPA-axis. This axis spans the entire body and 
receives directives from the control center of our body i.e. the brain and 
specifically from the amygdala. The activation of the HPA-axis and the 
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subsequent release of C acts as a catalyst to a chain of bio-chemical reactions. 
Some of the changes that result from the activation of the HPA axis include 
increasing the heart-rate, slowing the digestion, and increasing the flow of 
blood to muscles. All these bodily changes prepare the individual to make a 
fight-or-flight response to cope with the threat.  
The activation of the HPA system primarily results in the production of C 
which has an antagonistic effect on the androgen receptors of the HPG system, 
thereby down-regulating the activity of T (Viau, 2002; Burnstein, Maiorino, 
Dai, & Cameron, 1995; Johnson, et. al., 1992).  Simultaneously, higher levels 
of T also have a suppressive effect on C since it inhibits HPA activity. Beyond 
bearing implications on each other‘s hormonal levels, the HPG-HPA 
interaction also has a resultant effect on brain regions. The amydgala, a brain 
region associated with fear processing is activated when the HPA axis is 
evoked and similarly the frontal cortex, a brain region associated with impulse 
control is also activated along with the HPG axis (Terburg, at. al., 2009). Both 
brain regions have been previously discussed to play a crucial role in the 
emotional-cognitive conflict in the brain and thereby affecting reactions to 
injustice (Sanfey et. al., 2003). Therefore, the changes in hormonal levels bear 
an impact on neural pathways, which in turn serve as mechanisms for the 
behaviors that are exhibited.  
Psychological and Behavioral implications: Psychologically, higher levels of 
T are known to produce behaviors that are more aggressive and approach 
oriented and lower levels of C produces similar behaviors (McBurnett and 
colleagues, 1991; Vanyukov and colleagues, 2003). However, higher baseline 
levels of C result in avoidant behaviors (Schulkin 2003; Johnson, Kamilaris, 
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Chrousos, & Gold, 1992). The similarity in the nature of behaviors 
demonstrated by these hormones individually has motivated psychologists to 
use of the behavioral activation and inhibition i.e. BIS/BAS paradigm to 
explain the HPG and HPA interaction (Arnett, 1997; Gray, 1987; Fowles, 
1980; Terburg, et. al., 2009). Both the hormones interact to form endocrine 
profiles that drive specific behaviors (Terburg, et. al., 2009).  
At higher levels of T but lower levels of C, approach oriented behaviors are 
augmented due to the lack of punishment sensitivity and fear, leading to 
greater aggression (DeVries, DeVries, Taymans & Carter, 1995; Schulkin, 
2003; van Honk, Peper, Schutter, 2005). This endocrine profile also prompts 
individuals to react more emotionally where there is less accurate perception 
of dominance or dismissive facial expressions (Blair, 2004) and individuals 
also subsequently exhibit a reduction in their cognitive control (Schutter & 
van Honk, 2004).  Conversely at high levels of C, HPG activity is suppressed, 
not allowing the behaviors associated with high T to be manifested. Thus, 
individuals are driven to behave in more anxious and inhibited ways (Johnson, 
Kamilaris, Chrousos, Gold, 1992; Schulkin, 2003).   
Empirical evidence: This interaction between T and C was first demonstrated 
by Sapolsky (1990) in a sample of free-ranging baboons. He found that, like 
humans, they lived in a social hierarchy and those at the lower spectrum of the 
hierarchy (with lower T levels) had higher levels of cortisol. He therefore 
argued for the influence of the HPA and HPG system on one another in 
primates. There are only few studies that have employed this interaction to 
study behaviors in humans (see Dabbs, et. al., 1991, Pompa, et. al., 2007). 
Pompa et. al. (2007) examined the presence of aggressive behaviors in 
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delinquent boys. They found that T predicted overt aggression only when the 
boys had low cortisol levels. This highlights to us yet again that T might not 
be responsible for the demonstration of anger and aggression independently. 
Instead in the presence of a lack of punishment sensitivity and fear, 
perpetrated by lower C levels, T-related aggression is demonstrated.  
Applying this paradigm to a management context, Mehta and Josephs (2010) 
examined the interaction of T and C in predicting dominance. Previous 
findings highlighted a lack of conclusiveness in the research that examined T 
as being a precursor to dominance (Mehta & Josephs, 2006; Josephs, et. al, 
2006; Mehta & Josephs, 2010) which led them to consider C as a contextually 
moderating factor. In their study Mehta and Josephs (2010) found that T and C 
jointly predicted dominance, such that at lower levels of C the relationship 
between T and dominance was more positive as compared to higher levels of 
C. This study confirmed the argument that T does not function independently 
and is contingent on the role of C in predicting social behaviors. The 
implication of this study entails that when individuals are not reactive to stress 
(low C) and are not feeling a sense of threat; then they are able to demonstrate 
dominance behaviors as a function of their T levels. They referred to this 
interaction as the dual hormone regulation hypothesis which shall be 
employed even in this thesis to examine the influence of the interaction on 
fairness correlates.  
Based on the possible physiological and subsequent psychological 
mechanisms that might ensue as well as the empirical evidence in support the 
interaction between T and C, we suggest that T will predict rejections 
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contingent on the extent to which individuals feel threatened or vulnerable in a 
given situation, reflected by their C levels. Individuals with high levels of T 
should act in more aggressive and dominant ways which will result in higher 
rejection rates of unfair offers. However according to the dual hormone 
regulation hypothesis this should be contingent on C levels. Lower levels of C 
represent a state of impulsivity and aggression which would also augment 
rejections at higher levels of T. In contrast at higher levels of C, anxious and 
avoidant behaviors will be demonstrated thereby nullifying the effect of T 
levels. Thus, T would bear a positive relationship with rejection rates under 
conditions of low C but higher C levels will dampen this relationship.  
We sought to test these predictions with both basal C and experimentally 
manipulated C levels. In Study 1 we measured the basal levels of both T and C 
whereas in Study 2 we experimentally manipulated levels of C using a social 
stress task. We engaged the Social Evaluation task to manipulate C levels. 
This task is a modified version of the Trier Social Stress Test (TSST; 
Kirshbaum, Pirke, & Hellhammer, 1993). The Social Evaluative Task employs 
a social and cognitive stress induction method to increase C levels. It has been 
used by researchers to examine the cognitive and social implication of stress 
and the subsequent rise in C (Takahashi, 2005; van den Bos, Harteveld & 
Stoop, 2008).  
A point to note is that, in both studies, we do not propose examining the role 
of C in predicting decision-making behaviors independently. Due to the role 
that C plays in triggering approach and avoidance behaviors, we argue that C 
might be implicated on how individuals might react to unfairness in the 
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Ultimatum Game. The option to accept- prompting approach, or reject- 
prompting avoidance behaviors, unfair offers makes provision for an avenue 
for C to manifest itself. Though not directly, we argue that C might augment 
or suppress the demonstration of T-related behaviors (Mehta & Josephs, 2010) 
in the Ultimatum game through the dual-hormone regulation hypothesis. 
Therefore this study explores the extent to which C acts as a contextual and 
moderating variable to the relationship that T bears with reactions to injustice.  
H2: Basal C/Stress will moderate the relationship between T and unfair offer 
rejections such that the relationship should be less positive for individuals 
with high levels of Basal C/Stress. 
CHAPTER 2: STUDY 1 
Study 1 examines how basal T and basal C interact in predicting rejection 
rates in a multiple-shot Ultimatum Game context. Participants were presented 
with fair offers and unfair offers and their rejection rates were measured. We 
predicted that while the relationship between T and unfair offer rejections 
might exists independently, it would manifest itself under the moderating 
influence of basal C levels.  
Methods 
Participants 
Participants comprised of forty-two undergraduate students from a large 
university in Singapore. They were recruited to participate in the study as part 
of their subject pool requirements for 1 course credit that contributed towards 
their course grade. There were 20 male participants and 22 female 




The experimental sessions were conducted from 1 pm to 3pm in order to 
minimize the circadian fluctuations while measuring T and C. On their arrival, 
participants were seated and informed consent was obtained following which 
participants were asked to fill out a pre-saliva measurement questionnaire.  
Saliva Collection: Prior to the actual day of the experiment participants were 
requested to not eat or drink caffeinated products 1 hour before the 
experiment. In addition to this, participants were asked to rinse their mouth 
with water before they deposited their saliva sample to prevent contamination 
with interfering substances. The samples were collected nearly 10 minutes 
after the participants arrived. They were asked to sit down during the entire 
procedure. 
Saliva sample were collected using a Salivette
® 
which contains a swab inside a 
tube. The swab removed and placed in the participant‘s mouths and they were 
asked to chew on the swab for 1.5 minutes or until they felt that they could no 
longer hold the swab in their mouth. The participants were then asked to 
gently replace the swabs into the containers without any physical contact with 
their hands. The Salivette
®
 was firmly closed with the stopper and placed in an 
icebox during the course of the experiment to avoid any chemical changes to 
the hormones. At the end of the experimental session they were transferred to 
the laboratory where the hormonal assaying was conducted. During the saliva 
collection participants were unaware of the game that they would be 
eventually playing.  
 22 
 
Ultimatum Game: The experiment was conducted in a computer lab. 
Participants played the Ultimatum Game on computers that they were seated 
at using a MediaLab program. At first they were given verbal instructions 
about the rules of the Ultimatum Game. During the verbal instructions 
participants were randomly quizzed about their understanding of the game in 
order to ensure that the rules were clearly communicated.  The instructions 
were further reinforced with written materials on their computer screens.  
As part of the cover story, participants were given to believe that all the 
members in the computer lab would be randomly assigned the roles of offerer 
or respondent. In reality all participants were assigned the role of respondents. 
They were each provided with a unique ID (for example Respondent198374). 
Participants played 20 rounds of the Ultimatum Game where in each round 
they were presented an offer from a different offerer who had a unique ID that 
was similar to theirs (for example Offerer PreO238657). In reality the offer 
values were determined by a computer randomly choosing from a pool of 20 
offers. Participants were also instructed to treat each of the offers as being 
independent from one another as they were playing with different offerers for 
each trial.  
In each round the offerers (the computer) had to divide $10 with their 
respondent (the participants). The offers were pre-decided to be $5 (fair offer), 
$4, $3, $2, and $1 (unfair offers). Each of these offers was presented four 
times and was randomized across participants. If participants decided to accept 
the offer the money would be split in the manner proposed. However, if they 
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decided to reject the offer both the parties (i.e. respondent and offer) would 
receive nothing.  
Following the Ultimatum Game, participants were made to fill out a post-
game questionnaire. Before participants began playing the game, they were 
informed that one of the offers and the corresponding responses would be 
randomly selected and payment would be accordingly made. This was done to 
ensure that they would treat each trial seriously and independent from the 
other. After the conclusion of the experiment, participants were debriefed and 
payment was correspondingly made. The experiment took one hour to 
complete. 
Hormone Assay: All saliva samples were processed and analyzed in the 
Salivary Biomarkers Research Laboratory in the Department of Epidemiology 
and Public Health, the National University of Singapore. Salivary C 
concentration (nmol/l) and T concentration (pmol/L) were determined using 
Salimetrics (Salimetrics LLC, USA) salivary C enzyme immunoassay kit and 
salivary T enzyme immunoassay kit, respectively.  
Data Analysis: The analysis for examining the interactive effects of basal T 
and basal C was conducted using the technique suggested by Mehta and 
Josephs (2011) in their study. A regression analysis was conducted, as both C 




Ultimatum Game Analysis 
In support of previous research findings, the rejection rates for the offers 
increased as the offer value decreased. The rejection rate for $5 offers was 
.6%, $4 offer was 7.74%, $3 offers was 38.10 %, $2 offers was 57.14% and $1 
Offers was 71.43%. All the offers below $5 were classified as being unfair and 
their rejection rates were aggregated. A comparison of the post-hoc fairness 
perception of the offers with the value of $4, $3, $2 and $1 were compared 
with $5 offers and there was a statistically significant difference (t=18.16, 
p<0.05).  
T and C 
The T scores were z-score transformed based on the means of their genders. 
Since C scores are skewed to the right, we log transformed these scores for 
more robust results. Following the log transformation, the C scores were z 
transformed as well. The z-transformed T and C scores were positively 
correlated at r=0.35, p<0.05, thereby supporting other findings in the 
literature. The first hypothesis predicted that T would have a positive 
relationship with unfair Ultimatum Game rejections. A regression was run 
with T as a predictor of unfair offer rejection and H1 hypothesis was not 
supported as T bore a null relationship with rejection rates (p>0.05).  
Dual-Hormone Hypothesis 
Regression analysis: To test for the dual hormone regulation hypothesis we 
applied the method proposed by Mehta and Josephs (2010). Since the 
hormones were continuous variables, a regression analysis was conducted to 
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examine the interactive effect of both hormones.  The rejection of unfair offers 
was entered as the dependent variable in the regression and the following 
variables were predictors: z transformed T and z transformed C scores in Step 
1 and the TXC interaction term in Step 2. The TXC interaction term was 
found to be moderately significant (R
2
=8.5%, F (1, 38) = 3.63, p=.068). There 
was no main effect C scores but there was a moderately significant main effect 
for T scores (β=-.15, p=0.058).  
In order to better interpret the interaction term, we graphed the interaction 
term one standard deviation above and below the means of C (Aiken & West, 
1991). The graph highlighted that the relationship between T and Unfair offer 
rejections became more negative for individuals with low levels of C as 
compared to those with higher levels of C (See Fig. 2). The direction of the 
findings was different from what we had predicted. The simple slopes for the 
interaction were calculated one SD above and below the mean of C. A simple 
slope analysis revealed that at high levels of C the relationship between T and 
unfair offer rejections was unrelated (p>0.05). However, at lower levels of C, 
T had a significant negative relationship with the rejection of unfair offers (β= 




Figure 1. Relationship between T and C in predicting Unfair Offer rejection 
rates. 
Discussion 
The findings from this study highlighted that there was no significant 
relationship between T and rejection rates of unfair offers. This supports the 
argument that T does not independently predict fairness expectations. Instead 
our study argued for the interacting effect of hormonal systems using the dual 
hormone regulation hypothesis. The relationship between T and the rejection 
of unfair offers was moderated by C such that those who had low C showed a 
negative relationship between T and the rejection rates at moderate levels of 
significance. Interestingly the directionality of this interaction between T and 
C was the opposite from what we predicted.  We argued that when individuals 
would have lower levels of C and high T they will tend to have higher 
rejection rates when they were provided with low offers. However our 
findings suggest that these individuals tended to reject unfair offers the least. 
We additionally also found that individuals who were low on basal C and T 
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rejected unfair offers the most. The unexpected findings of our results could 
be attributed to several reasons.  
Testosterone, though known for the demonstration of aggressive and 
impulsive behaviors, has also been found to predict utilitarian behaviors in the 
face of moral dilemmas (Carney & Mason, 2010). The act of choosing to 
weigh fairness over utilitarian benefits does present a dilemma of a moral 
nature and it is possible that participants with high T showed greater utilitarian 
behaviors. Research has also indicated that those who had low basal C and 
high T tended to be more reward dependent and less sensitive to punishments 
in a gambling task (van Honk, Schutter, Hermans, Putnam, 2003; van Honk, 
Schutter, Hermans, Putman, Tuiten & Koppeschaar, 2004). In the case of this 
study, the presentation of an unfair offer could be perceived as a form of 
punishment or as rewards, however small the amount. Clearly individuals with 
low C and high T did not view a low offer as a punishment, instead they found 
it gratifying and rewarding. Together, we find that individuals who are high on 
T but low on C may exhibit a greater sense of utilitarianism and lower 
sensitivity to punishment therefore resulting in lower rejection rates.  
We have previously highlighted how the rejection of unfair offers is an act that 
involves emotional impulsivity. C is known to play a critical role in driving 
emotionally centered and impulsive behaviors (Brown et al, 1996; Schulkin, 
2003; Terburg, et. al., 2009). Individuals who are low on C tend to be less 
anxious and more fearless in their decision making. This behavior starkly 
contrasts with those with low C but high T due to the lack of suppression of 
the HPA axis by the HPG axis, therefore prompting individuals to behave in 
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more fearless, aggressive and impulsive ways. For those who had high levels 
of C, there was no significant difference in their rejection rates across T levels. 
This might have been due to the suppressive effect that the HPA axis has on 
the HPG system thereby resulting in more anxiety driven behaviors resulting 
in lower cognitive and rational information processing as compared to those 
with the endocrine profile with low levels of C.  
The evidence from this study helps us to understand the role that T plays in 
predicting reactions to low offers albeit unfair offers. Firstly, basal T did not 
significantly predict the rejection rates of these offers which supports the 
argument that T does not independently trigger rejections in the Ultimatum 
game. Secondly and more interestingly, the reason for this lack of significance 
is due to the presence of an interacting hormonal system with that of T‘s. 
Though the results were moderately significant and were in the opposite 
direction of what we had initially predicted, it is however indicative of the 
presence of a dual-hormone regulation between T and C in the context 
injustice and unfairness.   
CHAPTER 3: STUDY 2 
In Study 1 we measured basal hormonal levels for both T and C. In order to 
examine a more causally driven design, we sought to test the dual-hormone 
regulation hypothesis using a quasi-experimental design. In this study we 
experimentally manipulated levels of cortisol using the Social Evaluative Task 
to increase cortisol levels and a relaxation task to decrease it.  Subsequently 





Participants comprised of thirty-nine undergraduate students from a large 
university in Singapore. They were recruited to participate in the study as part 
of their subject pool requirements for 1.5 course credit that contributed 
towards their course grade. There were 20 male participants and 19 female 
participants. Their average age was 21.7 years.  
Procedure 
The experimental sessions were conducted from 1 pm to 3pm in order to 
minimize the circadian fluctuations while measuring T and C. On their arrival, 
participants were seated and informed consent was obtained following which 
participants were asked to fill out a pre-saliva measurement questionnaire. 
Participants were assigned to either the stress condition or no-stress condition. 
The details of the conditions will be provided subsequently.  
Saliva Collection: Prior to the actual day of the experiment participants were 
requested to not eat or drink caffeinated products 1 hour before the 
experiment. In addition to this, participants were asked to rinse their mouth 
with water before they deposited their saliva sample to prevent contamination 
with interfering substances. The samples were collected twice during the 
study. First they were collected nearly 10 minutes after the participants 
arrived. The second collection was done 15 mins after the participants had 
been exposed to the Stress versus No Stress manipulation. For the saliva 
collection they were asked to sit down during the entire procedure. 
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Saliva sample were collected using a Salivette
® 
using the same protocol as 
Study 1.  
Stress versus No-stress: Participants who had been assigned to the stress 
condition were exposed to a social stressor in the form of a validated stress 
task i.e. The Social Evaluation task which is a modified version of the Trier 
Social Stress Test (TSST; Kirshbaum, Pirke, & Hellhammer, 1993). TSST is 
the most commonly used psychological stress induction method that is 
currently used by researchers. Participants were unaware of the requirements 
of this task prior to their participation. After they filled out the initial set of 
questionnaires, participants were informed that in the next leg of the 
experiment they had to participate in a mock-interview. Subsequently they 
were led to a room where two-serious faced confederates dressed in business 
formals were seated. A camera was stationed in the corner of the room.  
The experimenter provided the participant with instructions of the task 
wherein they had to make a public speech about themselves in front of the two 
interviewer confederates. Participants were informed that they would be given 
5 mins of prep time for a 3 min speech about themselves. Following this they 
were led to another room to prepare for this task. After 5 mins the 
experimenter led the participant back to the interview room. The interviewers 
exchanged the bare minimum pleasantry of saying ―hello‖ One of the 
interviewee confederate stood up to switch on the camera in the room so that 
the participant was aware that the whole process was being video recorded.  
Then the confederate interviewers reiterated the instructions that the 
participants had 3 mins to talk about themselves. During the 3 mins they 
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strictly kept to the time. If participants ran out of words they were prompted to 
keep going until 3 mins were up. All the instructions were given in a stern and 
assertive tone. At the end of the 3 mins, participants were asked three 
questions i.e. what they thought were their greatest strengths, what were their 
weaknesses and what made them special. Finally, at the end of the interview 
participants are asked to count down prime numbers from 300. Each time they 
made a mistake they were asked to start again using the phrase ―Wrong. Start 
again!‖. The entire process took 20 mins. After the interview participants were 
taken to another room where they were provided instructions for the 
Ultimatum Game.  
In the no-stress condition, participants were asked to read magazines and listen 
to soft instrumental music for 20 mins, following which they were made to 
play the Ultimatum game. (Refer to the Appendix for the protocol) 
Ultimatum Game: After participants had been exposed to the stress /no-stress 
conditions they played the Ultimatum Game on computers that they were 
seated at using a MediaLab program. The same protocol as Study 1 was 
followed. Similar to Study 1 participants were made to fill out a post-game 
questionnaire and payment was made according to a random selection of trials. 
After the conclusion of the experiment, participants were debriefed about the 
manipulation and they were re-introduced to the confederates. The experiment 
took one and a half hours to complete. 
Hormone Assay: All saliva samples were processed and analyzed in the 
Salivary Biomarkers Research Laboratory in the Department of Epidemiology 
and Public Health, the National University of Singapore. Salivary C 
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concentration (nmol/l) and T concentration (pmol/L) were determined using 
Salimetrics (Salimetrics LLC, USA) salivary C enzyme immunoassay kit and 
salivary T enzyme immunoassay kit, respectively.  
Results 
Ultimatum Game Analysis 
Consistent with previous findings with the Ultimatum Game, we found the 
rejection rates of the offers increased as the offer value decreased. The 
rejection rate for $5 offers was .7%, $4 offer was 22.36%, $3 offers was 
54.61%, $2 offers was 69.08% and $1 Offers was 79.61%. All the offers 
below $5 were classified as being unfair and their rejection rates were 
aggregated. A comparison of the fairness perception of the offers of $4, $3, $2 
and $1 were compared with that of $5 offers and there was a statistically 
significant difference (t=15.51, p<0.05) wherein the latter was viewed as being 
more fair than the former.  
T and C 
The T scores were z-score transformed based on the means of their genders. 
Since C scores are skewed to the right, we log transformed these scores for 
both the basal and manipulated levels.  Following the log transformation, the 
C scores were z transformed as well. The z-transformed basal T and basal C 
scores were positively correlated at r=0.43, p<0.05, thereby supporting other 
findings in the literature. The first hypothesis predicted that T would have a 
positive relationship with unfair Ultimatum Game rejections. A regression was 
run with T as a predictor of unfair offer rejection and H1 was not supported as 




In order to measure the C change across experimental conditions and within 
participants, we conducted a comparison across conditions and within subject 
analysis of the actual C levels.  
Comparison across conditions: A one-way ANOVA was run with the C levels 
after the manipulation i.e. at time 2, were entered as the DV and condition as 
the IV. The results highlighted that there was significant difference across 
conditions, where those in the stress condition (M=4.6, SD=3.6) showed 
higher C levels as compared to those in the no-stress condition (M=2.71, 
SD=1.03). 
Within subject analysis: We ran a repeated subjects ANOVA with the C levels 
as the within-subject variable and condition as the between subject variable. 
The interaction between the C levels and condition was significant. We found 
that individuals showed a significant change in C levels after the manipulation 
for both the stress and the no-stress condition. T-tests highlighted that while 
individual in the control condition had significantly lower levels of C 
(M=2.71, SD=1.03) as compared to their baseline levels (M=4.29, SD=2.61) 
(p<0.01). Similarly in the stress condition, participants showed an increment 
in C levels after being administered the stressor (Baseline- M-3.4, SD=1.58; 
after stress manipulation M=4.6, SD=3.62) (p<0.1, significant at one-tail).  
Dual-Hormone Hypothesis 
To test for the dual hormone regulation hypothesis we applied the method 
proposed by Mehta and Josephs (2010). Since basal T is a continuous variable, 
a regression analysis was conducted. The condition of stress and no-stress 
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were dummy coded as stress= 1 and no-stress= 0. The rejection of unfair 
offers was entered as the dependent variable in the regression and the 
following variables were predictors: z transformed T and Condition in Step 1 
and the T X Condition interaction term in Step 2. The T X Condition 
interaction term was found to be statistically significant (R
2
=12.9%, F (1, 35) 
= 4.23, p<0.05). There was no main effect Condition scores but there was a 
significant main effect for T scores (β=-.2, p<0.05).  
In order to better interpret the interaction term, we graphed the interaction 
term one standard deviation above and below the means of C (Aiken & West, 
1991). The graph highlighted that the relationship between T and unfair offer 
rejections became more negative for individuals in the stress condition levels 
of C as compared to those in the no-stress condition (See Fig. 3)
3
 in line with 
the directionality of our predictions. The simple slopes for the interaction were 
calculated one SD above and below the mean of C. A simple slope analysis 
revealed that in the stress condition the relationship between T and unfair offer 
rejections was not significant (p>0.05). However, in the no-stress condition, T 
bore a significant positive relationship with the rejection of unfair offers (β= 
.19, p=0.05).  
                                                          
3
 It is important to note here that unlike Study 1, cortisol has not been used as an independent 
variable in Study 2, rather as a contextual condition. Using the cortisol levels as a continuous 
variable will not allow us to clearly tease apart the responses according to the experimental 
conditions. We have however demonstrated that C levels were significantly different across 
the stress and no-stress conditions and therefore could argue that the stress condition 




Figure 2. Relationship between T and Stress/No-stress condition in predicting 
Unfair Offer rejection rates. 
Discussion 
Our findings showed that when T and C worked together to jointly predict 
rejection rates in an Ultimatum Game, providing support yet again for the 
dual-hormone regulation hypothesis. The C levels of individuals were 
manipulated using the Social Evaluative Task which stressed participants and 
thereby increased their cortisol levels. While, in the no-stress or relaxation 
task we found that participants showed significantly lowered levels of cortisol 
to their baseline and the stress task. Supporting previous evidence, we found 
that there was no significant relationship between T and rejection rates, 
however, the findings delineated that T levels did not act as a precursor to 
unfairness independently but were contingent on C levels. Individuals who 
had lower levels of C (i.e. engaged in the relaxation task) showed a positive 
relationship between T and rejection rates of unfair offers, however, in the 
stress condition this relationship flipped to the opposite direction. In contrast 
to Study 1, the findings here provided support for the dual-hormone regulation 
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hypothesis in the direction we predicted based on previous findings (Mehta & 
Josephs, 2010; Dabbs et. al., 1991; Pompa, et. al., 2009).  
The nature of these results can be explained by the physiological and 
psychological mechanisms that might have ensued. Physiologically, the HPG 
and HPA systems have a suppressive effect on each other wherein the activity 
of T is down-regulated by the presence of C. Therefore, in the no-stress 
condition with low C levels, the social behaviors associated with T are 
augmented.  At low levels of C, individuals tend to exhibit a higher degree of 
impulsivity, lack fear in their decision making and are devoid of being 
sensitive to the punishment of not receiving the utilitarian benefits of the offer 
amount (DeVries, et. al., 1995; Schulkin, 2003; van Honk, et. al., 2005). In 
line with this argument and the empirical evidence from Mehta & Joseph 
(2010)‘s study, the findings in this study also indicated that at low levels of C 
individuals with higher T levels exhibited greater dominance, aggression and 
impulsivity that manifested in greater rejections of unfair offers  
In the stress condition the relationship between T and rejection rates were 
reversed. Biologically, the stress condition activated the HPA system 
(therefore increasing cortisol levels) which in turn might have suppressed the 
HPG system. The antagonistic effect that C has on T might be reflected in the 
negative relationship that T bore with rejection rate as individuals were unable 
to express their dominance. At high levels of C, individuals are also known to 
exhibit more anxiety-related behaviors (Schulkin 2003; Johnson, et. al., 1992) 
and when this was accompanied with high T levels, they showed the lowest 
levels of rejections. The reason for low rejection rates could have been due to 
the nature of the stressor we used. In this experiment, we simulated a mock 
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interview during which it is possible that individuals felt a sense of threat to 
their social status since the environment was meant to in some ways 
undermine them. Another possible explanation could be the emotional 
processes that might have mediated this behavior. Though we did not measure 
the emotions that participants experienced after the stress task, anxiety-related 
and emotional behaviors might have ensued resulting in greater rejections.  
The findings from this study have helped in resolving the ambiguity of the role 
that T plays in the fairness literature. It highlights that while T might not 
independently have any relationship with rejection rates, however at lowered 
levels of C, this relationship manifests as a positive one. In the no-stress task, 
the HPA axis was not activated to suppress the activity of T and therefore, 
those with higher levels of T exhibited dominance oriented behavior through 
rejections. Further, lower levels of C also resulted in approach behaviors and it 
also further augmented the effect of T. These findings explicate that while 
previous studies might not have been able to clearly delineate the role of T in 
fairness expectations, we argue that this might be due to the presence of other 
interacting hormonal systems- in this case of C or external contextual drivers 
(like stress) that moderate this relationship.  
CHAPTER 4: GENERAL DISCUSSION 
Summary of findings 
The two studies tested the role of basal T in predicting rejection rates of unfair 
offers using the Ultimatum game. In Study 1, we tested the dual-hormone 
regulation hypothesis with basal T and basal C. We found that although T did 
predict singularly rejection rates, it did interact with C to predict rejections. 
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However, the directionality of the interaction was the opposite of what we 
predicted. Individuals with low basal C showed a more negative relationship 
between T and unfair offer rejections as compared to those with high basal C. 
These findings indicated that at low basal C, as T levels increased individuals 
tended to become more utilitarian or submissive in nature and reported lower 
rejection rates. In order to better understand the nature of this interaction 
between T and C and to attribute causality to our findings, we sought to 
manipulate C levels in Study 2 using the Social Evaluative Task.  
The results for Study 2 also highlighted that while there is no significant 
relationship between T and the rejection of unfair offers, there was a 
significant interaction between basal T levels and the experimental 
manipulation of stress or no-stress condition that participants had been 
assigned to. In the condition where participants were not stressed i.e. they had 
lowered levels of C, they exhibited a positive relationship between T and 
rejections of unfair offers. Therefore, at low stress levels individuals with 
higher T levels exhibited greater dominance and retaliatory behaviors through 
the rejection of unfair offers. Psychologically, individuals with low levels of C 
and high levels of T tended to adopt more approach-oriented behavior which 
might have facilitated an aggressive and dominant stance towards injustice. 
Conversely when participants were stressed i.e. at higher levels of C, the 
positive relationship between T and rejections of unfair offers was reversed. 
Physiologically, the antagonistic effect that the HPA axis has on T activity 
could act as a possible mechanism to explain this behavior. This suggests that 




We find that Study 1 and Study 2 showed opposite findings in the interaction 
hypotheses between T and C. Study 2 provides support to the literature that 
suggests that T bears a positive relationship with dominant and aggressive 
behaviors as measured by rejection rates in an Ultimatum Game under 
conditions of low stress i.e. lowered C (Mehta & Josephs, 2010; Pompa et. al., 
2009; Dabbs, et. al., 1991). However at low basal levels of C, the finding was 
the opposite. We argue that there could be two reasons for this. Firstly, we are 
aware that an increase in C has a suppressive effect on the behaviors exhibited 
by the basal T and vice-versa (Terburg, et. al., 2009). Therefore, the 
experimental manipulation of C might have had an effect on T-levels, though 
not significantly, which subsequently affected rejection behaviors. The 
suppression of the T system under high stress and the augmentation of the T 
related behaviors in conditions of low stress might not have been implicated in 
baseline measurements. Secondly, in this study, we examined the role of a 
social stressor. Being embedded in a social context, this form of stress might 
have borne other social and emotional implications that were not measured in 
this study however might have affected the results.  
It is not possible to completely reconcile the results from the studies since they 
offer opposite results, however the research in this domain is still in its nascent 
stage and these findings offer an interesting perspective to how hormonal 
effects might vary at the baseline and manipulated levels.  
Theoretical Implications 
This study contributes to our understanding of how T functions in predicting 
fairness behaviors. T is hormone that has been associated with aggression and 
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dominance behaviors. There has been tremendous research that supports this 
claim in animals (Archer, 2006; Beehner, Bergman, Cheney, Seyfarth, 
Whitten, 2006, Gould & Ziegler, 2007); in humans however, the findings are 
inconsistent. While some studies do highlight the linkage between aggression 
and T (Archer, 2006; Mazur & Booth, 1998; Mehta & Beer, 2010; Zyphur, et. 
al., 2009; Mehta & Josephs, 2006) others lack substantial effects. This study 
too indicates the lack of direct evidence of the relationship between T and 
aggression through retaliatory behaviors, therefore, also suggesting to the 
consideration of contextual factors to better delineate this relationship. 
While the findings provide support to the literature that suggests that T does 
not have a significant relationship with rejection rates in the Ultimatum Game, 
it also highlights the importance of C levels in this equation. When individuals 
were not stressed i.e. at low levels of C, T bore a positive relationship with 
rejections however at higher levels of C this relationship was reversed, 
implicating the role of both hormones in predicting reactions to unfairness. 
Thus main contribution of this study entails the application of the dual 
hormone regulation hypothesis to study reactions to unfairness. Mehta & 
Josephs (2010) were able to demonstrate the role of the interaction of the two 
hormones on dominance behavior; this study manages to do the same in the 
context of fairness.  
The final contribution of this study entails the importance of considering more 
than one hormone in the study of social behaviors. Extant research in this 
interdisciplinary domain has adopted a single-hormone approach. However, 
both studies in this thesis highlight how studying only one hormone might not 
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adequately capture the entire story; instead the interactive effect of dual 
hormones provides greater clarity in predicting these behaviors. We also 
gather that hormones don‘t function in isolation to one another; there exists 
interacting interfaces between hormonal systems which further serve as 
interesting avenue for future research.  
Management Implications 
Distributive injustice  
Previous studies in the management literature that employed neurobiological 
methods to understand the implications of injustice focused mainly on the use 
of neuroimaging tools (Dulebohn, et. al., 2009). These papers have been useful 
in explicating the role of brain regions responsible for our decision-making 
and justice judgments. However, we did recognize that our research question 
was embedded in a social context and therefore called for the use of more fluid 
and contextually varying indicators of hormones. The endocrinological 
approach that this study adopted has provided us with new insights beyond the 
emotion-cognition conflict that the neuroscientific studies primarily 
emphasized on.  
This thesis highlights the role of the interacting hormonal systems of T and C 
in predicting reactions to distributive injustice. We found that while T did not 
independently predict retaliatory reactions to inequity, it did so under 
conditions of lowered stress or low C. On the other hand, when stressed, T did 
not predict the response to injustice. Going beyond what imaging studies have 
offered us, this study brings forth some interesting insights on the biological 
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basis of injustice. It further implicates the role of T in reactions to injustice as 
well as the role of organizational stressors.   
Testosterone and injustice 
We have previously discussed how being in situations of inequity result in 
reactions that might result in aggression or retaliation. In this study we 
highlight how T acts as one of the primary drivers of this reaction. This 
retaliatory reaction is especially pronounced when individuals are in a 
situation of lowered stress. Lowered levels of cortisol results in greater risk-
taking and approach oriented behaviors thereby resulting in a more approach 
driven outcomes. However, under high stress, individuals with higher levels of 
T did not behave aggressively. Therefore, despite receiving the same set of 
low offers, high T individuals under stress tended to be avoidant in their 
behavior.  
If we apply this to an organizational context, individuals when faced with an 
unfair performance review or a low bonus, as a resultant of feelings of 
psychological distress, might demonstrate negative and dysfunctional 
outcomes which are neither beneficial to the individual and the organization 
(Adams, 1965; Beugre, 2005).  However, according to the equity theory, these 
individuals also have the option to behave in avoidant ways. In our study we 
found that under conditions of no stress high T individuals engaged in 
dysfunctional means whereas when they were stressed they adopted a more 
utilitarian stance towards their decision-making.  
The findings from our study also have a bearing of how leaders might react to 
injustice in a dominant or leadership position as result of individuals having 
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higher levels of T (Archer, 2006; Mazur & Booth, 2000). Carney, Cuddy & 
Yap (2010), demonstrated that when individuals adopted poses of dominance 
they tended to have higher T levels and low C levels and were more risk 
taking or approach behaviors in their decision-making. Conversely in our 
study we found that at high levels of T and low levels of C, individuals 
showed more risk-taking in their decision to reject offers. The endocrine 
profile of those with high T and high C didn‘t result in dominance; instead it 
resulted in avoidance behaviors when they accepted unfair offers.  Therefore, 
leaders when under stress might tend to withdraw from the situation and adopt 
a more utilitarian role of maximizing their benefits as much as they can from 
the situation while under conditions of low stress they will be more risk-
taking.   
Stress and injustice  
Beyond contributing to the justice literature, this study also examines the 
implications of stress on decision-making. Our current work environment 
being fast-paced and ever-changing does not offer us with the confined and 
controlled space of the lab that is, sans the interference of contextual variables 
(Eisenhardt, 1989). Additionally, the transcendence of stress into our everyday 
existence has made it an important contextual variable to reckon with (Fox, 
Dwyer & Ganster, 1993). We argue that the findings of Study 2 suggest how 
individuals might react to real-world negotiations under conditions of being 
stressed as opposed to being relaxed.   
The nature of stressors that we face in the environment has undergone 
tremendous change. While our ancestors coped with the stress of dangerous 
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animals, today they primarily manifest themselves in the form of a deadline at 
work or coping with an exam or even being treated badly by a friend or 
supervisor at work. The social salience of these threats/stressors has begun to 
gain paramount importance. Study 2 employed the use of a social stressor in 
the form of a mock-interview. The C response to this social stressor was 
similar to the biological reaction that we produce in the presence physical 
stressors. We found that the presence of stress resulted in a suppression of 
dominance/approach oriented behaviors for individuals with higher levels of 
T. At the other end of the spectrum we also found that individuals who had 
lowered levels C, tended to have more approach oriented and emotional 
behaviors as their T levels increased. This finding suggests to us that the lack 
of stress can result in decision-making that is more dominant and impulsive 
however the presence of stress mitigates this response for one that is more 
suppressive and inhibited. 
Though Study 2 employed the use of a stressor, we were not able to clearly 
identify the mediating processes that were driving the responses to unfair 
offers. One could argue that it could be due to an emotional reaction or the 
feeling of being threatened. Future studies should work towards clearly 
identifying the mediatory processes that ensue. Further, teasing out the 
differences between the physiological mechanisms of the cortisol increase, and 
psychological responses of the emotions being experienced, in response to a 
stressor is another avenue to explore.  
Previous studies that have examined the neurobiological basis for justice have 
primarily focused on the Ultimatum game. Attempts have been made to refine 
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its rules so that the implications of biology on procedural justice can be 
measured (Dulenon, et. al., 2009). There is a need for us to place greater 
emphasis on how other forms of justice might implicate biological processes. 
Also, the development of new and more realistic paradigms to measure justice 
behaviors in an organizational setting might be useful. Another gap in the 
management literature is that there has been greater focus on the 
neuroscientific methods which offer us an understanding of the cognitive and 
emotional processes underway in reactions to injustice. In this study we used 
endocrinological measures that are steeped, to a large extent, in the social 
context and therefore provide us with a lens to study variables like status and 
stress that are more prevalent and relevant in the workplace.   
Limitations 
As with most endocrinological studies, this study too has limitations that deal 
with the accurate measurement of hormone levels. Due the effect of 
environmental variations and the circadian rhythm of the hormones itself, it is 
hard to capture the true value of their baseline levels. Generally, studies resort 
to having afternoon sample since hormonal levels stabilize then. In our study 
too we conducted the experiment between 1-3 pm to minimize fluctuations. 
However, the solution to this problem of being able to generalize our findings 
across the day is to have multiple measures of the hormone throughout the 
day.  
The other limitation that this study poses is that of causality. We measured 
only basal hormonal levels in Study 1 and therefore could not draw causal 
explanations. In order to deal with this issue, we sought to experimentally 
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manipulate the levels of one of the hormones i.e. C. The social stress task 
mimics a real world situation and served to provide a greater sense of external 
validity.  However, in order to draw complete causality it would be imperative 
that we experimentally manipulate both hormones‘ levels to study their actual 
effects.   Further, exogenously administering or suppressing hormonal levels 
could be another alternative solution.  
Conclusion 
Studies that examine the impact of hormones on reactions to fairness have 
primarily focused on T using an ultimatum game paradigm. The results of 
these studies remain inconclusive. This may be on account of researchers 
omitting the possible effects of other hormones such as C – a hormone that 
regulates reactivity to stress. Following the dual-hormone approach (Mehta & 
Josephs, 2010); in this paper we examine the joint effects of T and C on 
reactions to fairness. In Study 1 we examine the interacting influence of both 
hormones using baseline measurement levels. We find that although baseline 
levels of T did not affect people‘s reaction to fairness, the interaction between 
these two hormones moderately predicted rejections as compared to that for 
individuals with lower levels of basal C wherein T bore a negative relationship 
with unfair offer rejections. This directionality of results was opposite of what 
we had predicted.  
To attribute causality, we chose to manipulate the hormone levels of C using 
the Social Evaluative Task and examined the implications it had on rejection 
rates. The findings highlight that basal T interacted with the stress/no-stress 
condition and predicted rejections of unfair offers such that those in the no-
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stress condition showed a more positive relationship between T and rejections 
as compared to those in the stress condition. This implicates that at low levels 
of C and high T, individuals behave in emotionally impulsive and retaliatory 
ways resulting in greater rejection rates. However, at low levels of C but low T 
levels, they adopted a utilitarian stance in their decision-making. Both studies 
provide support to the dual hormone hypothesis. They also help clear the 
ambiguity in the literature with regards to the role of T in Ultimatum Game 
rejections, and propose the influence of other contextual variables, in the form 
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APPENDIX: Study 2-Social Evaluative Task protocol  
DAY BEFORE THE STUDY 
Participants are emailed with the following pre-saliva collection guidelines: 
- Wake up at least 2 hours before the study 
- Avoid consumption of food and drinks 1 hour before collection. 
- Avoid activities that can cause your gums to bleed. This would include 
brushing or flossing your teeth within 10 mins before collection.  
- Blood in the saliva will invalidate the measurement of salivary 
biomarkers.  Hence, please declare in the questionnaire below if you 
have teeth or gum disease. 
- Do not chew gums or suck sweets to stimulate saliva production as this 
will interfere with biomarker assays. 
 
MAIN STUDY 
ROOM 1 (0-25 mins) 
- Participants will arrive and their attendance will be taken 
- Participants will then be asked to take their seats and start reading the 
Participant Information Sheet  
- Participants are asked to complete the following: Consent form, Pre-
saliva collection Questionnaire (additional for females) and Individual 
Differences Questionnaire. 
- Saliva sample is collected (5-10 mins) 
- Hand scans to measure their 2D:4D ratio is conducted 
 
ROOM 2 (25-30 mins) 
- Participants are then escorted to a Behavioral Lab with a video camera. 
While walking to the lab the experimenter will inform the participants 
that they are going to be subjected to a mock interview.  
- In the Behavioral Lab, the two interviewers, wearing formal attire, will 
be seated at the table. The experimenter will explain to the participants 
that the purpose of the mock interview is to study how individuals 
prepare and give speeches.  
- The participant will be then asked to pretend as if they are applying for 
a job and prepare a speech about why they are well-qualified for the 
job and in turn ‗sell themselves‘ to the interviewers.  
- They are informed beforehand that they will be asked to make a 3 
minutes will be a speech of why they are well-qualified and that there 






ROOM 3 (30-35 mins) 
- Participants are given time 5 mins to prepare their speech for 
presentation to the interviewers 
- Participants are led back to the Behavioral Lab where the interviewers 
are seated 
  
ROOM 2 (35- 45 mins) 
- Interviewers say ―Hello‖ but no other pleasantries. Then tell them they 
have 3 minutes to make their pitch. One interviewer monitors the time 
to ensure that they stay within the time limit. If they run out of words, 
they are prompted to keep going until the 3 min are up. This is done in 
a stern and assertive tone. At the end of 3 min, participants are asked 
three questions: 
o What do you think are your greatest strengths 
o What do you think are you weaknesses 
o You sound like any other candidate. What makes you special?  
- Finally, for the last minute, individuals will be asked to count down 
prime numbers from 300. They will have to start over every time they 
get things wrong (Interviewers usually say: Wrong. Start again!)  
- Following this participants are escorted to ROOM 4 for the final 
section of the study 
 
ROOM 4 (45-75 min) 
- Participants are made to sit in front of a laptop and are given verbal 
instructions about the Ultimatum Game 
- Participants are told that they are playing the role of Respondents and 
will be playing against Offerers in the other rooms connected on the 
same network 
- Participants will start playing the game. 
 
ROOM 4 (75-90 min) 
- At the end of the game, the second salivary sample of the participants 
are collected 
- Once the participants have completed their game they will be provided 
with the Post survey questionnaire and they will be allowed to leave 
the lab when they have completed the same.  
 
 
